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By W. F. Lindsey and Milton D. H u m p h r e y s  

(1) Inappreciable on the  Mach number for  normal-force  break 

(2) To decrease  the  normal-forc-urve slope 
%/4 (3) To reduce t h e  effects  of  coqressibility on 
dcn 

(4)  To decrease t h e  minimum drag coefficient and to  increase 
maximum  norma,l-force to drag ratio. 

The'shape of an airfoil  at  the  trailing edge has been considered  to 
have a large  effect  upon  the  aerodynamic  characteristics  encountered  at 
high  subsonlc  Mach nunibers (for  example,reference 1). Changes in trail-- 
edge angle, however, generally involved changes in other  shape  parameters; 
and,  consequently,  the  effects  of  the  trailing-edge shape alone were  not 
determined. 

Modifications  to  the NACA &series  airfoil  whereby  the  cusp was 
eliminated  (reference 2),  permitted  trailing-edge angle effects to be 
studied on airfoils  having  essentially  the tame type  of pressure distri- 
bution, theqeby minimizing  effects of other  shape  parameters. To 
determine  ths  effects  of thl~ shape change, m investigation  has  been 
conducted  at high subaonic  Mach nmibers on two  12-percent-thick NACA 
6 b e r i e a  airfoils  with  and  without CUSP. 
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The  tests  were  conducted in the Langley rectangular  high-speed 
tunnP1, an induction-ty-pe  tunnel  wlthout  return  passages  having an 
l%inch by 4-inch  test  section.  The  airfoilsr were mounted  to  span  the 
4-inch  dimension of the  tunnel  and were supported by large  circular  end 
plates  which  maintained  the  continuity of the tunnel walls. 

The  two  airfoils  investigated  were  the  NACA 641~12 and  641A012, 
having  chords of-& inches.  Forty-two  static-presaure  orifices  were 
installed in  each.airfoi1 near the  model  center l ine .  The locations  of 
the  orlfices and the m d e l  contours are  shown in figure 1. The ordinate8 
f o r  each  airfoil m e  given in table I. Pcesstare-distribution measqne- 
ments and wake surveys were  made at Mach  numbere  between 0.35 and 0.89 
for angles of  attack  from 0' to 8'. The Mach  nurdber  range  corresponded . 
spproximately t o  Reynolds  number range f r o m  4 to 9 X 105. 

2 

SYMBOLS 
n 

M stream  Mach number 

Cn section  normal-force  coefficient . .  . 
. .  . 

cq 14 sectian  pitching-noment  coefficient o f y . " n . ~ l  force about - -  - 
I- 

quarter+hord  locatian - 
I ....-. .. -7 "" - :- .."A "" 

- .I - .._ - " . . I.. . .. " 

.-I 

. . .  - - 

'd section drag coefficient  (determined from w a k e  surveys) 

a angle  of  attack . .  . 

The data have  been  corrected for . t ~ e l - c g n a ~ . ~ t i o . ~ B P f e c t s  by the.- 
mthodn of reference 3.  The basic data presented (flgs.. 2 and 3)  do 
include a serioua constriction  effect that occurred near t he  maxinrrrn _. _: 

at%airlable Mach number for  each  configuration,  that  is, around choking, - 

!md shown by the  dashed  portion  of t h e  curvea  in  figures 2 and 3.  _ _  
T h l s  Sashed portion of the curves carresponds to a Mach-nder increment 
of approximately 0.03, which  previous  investigati-s haw.indicated to be 
qpproximte ly  the extent  of.influence of serious  choking-effects.  Data . - 

r-lbjeot to choking  effects are  not used .in t h e  ..amQ.ysis. 

. .  ." 

- I 

. .  

L .  
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The var ia t ions of tha aerodynamic characterist ic8  with Mach number 

in   f i gu res  2 and 3. The data of figures 2 and 3 have been  cross-plotted 
t o  show the   var ia t ion   in  normal-force coefficient  with angle bf a t tack  
and the   va r i a t ion   i n  moment and drag with normal force in coeff ic ient  . 

form at each of several Mach numbers. The c r o s s p l o t t e d  results a r e  
presented  in figures 4 and 5. Direct comparisons  of the aerodynamic 
charac te r i s t ics  of the two a i r f o f l s  for each of several  high  s;lbsmic 
Mach numbers a r e  presented in figure 6. 

c at  a constant =le of attack  represent the basic   data  and are presented 

c 

Inspection of ths   bas ic  data (f igs .   2(a)  and 3(a))  shows t h a t  Mach 
nmibers for   the  normal-force break are approximately  the same for both 
prof i les .  The Mach nwiber for normal-force recovery  (the second normal- 
force rev-&&L) occurs  within the region of possible influence of choking 
ef fec ts  and i s  therefore of questionable  value. The drag rise (figs.   2(b) 
and 3(b))  occurs a t  the same Mach nlmibers for both   a i r fo i l s   wi th in  an 
increment of 0.03; the values  being somewhat higher for the  NACA 641A012 
then for   t he  NACA 641-012. 

The charac te r i s t ics  of bo th   a i r fo i l s   ( f igs .  4 and 5 )  show  no marked 
deviation from the  accustomed e f f ec t s  of compressibility,  particularly at 
Mach nmibers below 0.75. The differences at  the  high Mach numbers are 
more clear ly  shown by the   d i rec t  comparisons of the aerodynamic  charac- 
t e r i s t i c s  of the two a i r f o i l s .  InaErmuch as the  difference between the 
two a i r f o i l s  is fundamentally a change in  t r a i l i n g e d g e  angle from approxi- 
mately 9' for   the  N K A  6k1412 a i r f o i l   t o  14O fo r   t he  WACA 6k1AO12 a i r f o i l  
.(reference 2), the differences in charac te r i s t ics  shown in figure 6 w i l l  be 
a t t r ibu ted   t o  change in  trailing-edge angle. 

The increase in trailing-edge angle resul ted in a decrease in  n o m -  
force-curve  slope  throughout  the angle of a t tack  and Mach number ranges 
( f ig .  6(a)) .  The decrease in slope is i n  agreement with  the  resul ts  of 
reference 2 obtained a t  low speeds and high Reynolds nmibers. 

The ef fec t  of t r a i l i n g 4 d g e  angle on m m n t  depended upon the range 
of angles of at tack or npnal-force  coefficient concernsd. A t  normal- 
force  coeff ic ient  l e a s  thin 0.2, t h e   r a t e  of  chsnge of moment coeff ic ient  
with no& force became posit ive at  high Mach numbers for bath   a i r fo i la .  
The NACA 6 4 1 0 ~  a i r f o i l  having the 9' t r a i l i ngadge  angle had Larger values of 

than d.id the   o ther   a i r fo i l .  A t  nomnal-force coeff ic ients   greater  
bc, 

than 0.3, ?"I!- tended t o  become negative for both   a i r fo i l s .  The mc 4 
dcn 



effect of compressibility  on  -this  trend  was more 8evere for the  airfoil 
having  the 9' trailing-edge angle. 

The comparison of the golass for the two airfoils  (fig. 6(b ) )  shows 
that  the  airfoil  having a 14 (WACA 641A012)  trailing-dge w l e  lower 
drq in th? low normal-force  coeificient range and, coneequantly, higher 
maximum ratios .of normal force  to  drag. 

The  present  investigation  on 8ACA a1-012 and 641A012 airfoils, 
trailing-edge anglee of go and 140, respectively,  at  Mach  nunibers 
between 0.35 and 0.89 and  low  Reynolds  nunibers  Fndic~ttes  the following 
conclusions: 

1. Increasing  the trailtwpedge angle from 90 to 140 had an 
inappreciable  effect  on  the  Mach  number for normal-force break. 

2. The  highest  norm&l4orcB-curve  slopes were obtained  at all Mach 
numbers with the airfoil having the go trailimdge angle. 

3.  The effects  of  compressibility on the vmiation of moment 
coefficient  with  norm&1"force  coefficient  were-decreased by increasing 
the  trailing-edge angle from 9' to 14'. 

4. A favorable  effect  on minim drag and m i m u m  ratio of normal 
force to drag waa obtained by increasing the trailing-edge angle. 

Langley Memorial Aeronautical  Laboratory 
National  Advisory  Connnittee for Aeronautics 

Langley Field, Va. 
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TABKE 1.- ORDmATPS OF AIRFOES 

@tations and ordinates in percent of w i n g  chorg 

NACA 641-012 

Station 

0 
*5 
75 

1.25 
2.5 
5.0 
7.5 
10.0 
15.0 
20.0 
25.0 
30.0 
35 00 
40.0 
45 .O 
50.0 
55.0 
60.0 
65 .o 
70.0 
75.0 
80.0 
85 .O 
90.0 
95.0 
100.0 

Upper or lower 
surface ordinate 

0 

1 179 
1.490 
2.035 
2.810 
3 394 
3 871 
4.620 
5 9 173 
5 9 576 
5.84-4 
5.978 
5 981 
5 798 

T 056 
4.548 
3 974 
3 350 
2.695 
2.029 
1.382 
.786 
.28a 

9 978 

5.480 

0 

L.E. radius: 1.040 

NACA 64111012 

Station 

0 
. - 5  
75 

1.25 
2.5 
5.0 
795 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
100 0 

Upper or lower 
surface ordinate 

0 
,961 
1.158 

2.018 

3 364 
3 839 
4.580 
5.132 
5 534 
5.809 
5 965 
5 993 
5.863 
5 605 
5.244 

1.464 

2.788 

4.801 
4.289 
3 721 
3.118 
2.500 
I. 882 
1.263 
.644 
.025 

L.E. radius: 0.994 
T.E. radiua: 0.028 
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NACA 6 9 A  012 ai r fo i l  

Figure 1.- Airfoil profiles and static-pressure-orifice locations. 
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.5 .6 .7 .9 
Mach tpwnber, rl 

(a) Normal-force  characteristics. 

Figure 2m.- Effect of compressibility on section  aerodynamic 
characteristics of NACA 641-012 airfoil. 



9 

Much Number, M 

(b) Drag. characteristics. 

Figure 2,- Continued. 
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, 

Mach number, M 

( c )  Moment characteristics. 

Figure 2. - Concluded. 
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.3 .4 .5 .6 .7 .B .9 
Mach dumber, /Y 

(a) Normal-force characteristics. 

Figure 3. - Effect of compressibility on section aerodynamic 
characteristics of the NACA 641A012 airfQil. 
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(b) Drag characteristics. 

Figure 3. - Continued. - 
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c 

0 
.3 .9 A 0  .5 .6 .7 

M ~ c h  number, M 

(c) Mument characteristics. 

Figure 3. - Concluded. - 
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(b) Drag characteristics, 

Figure 4. - Concluded. 
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(b) Drag characteristics. 

Figure 5. - Concluded. 



18 NACA FM NO. ~ 8 ~ 2 3  

a, deqree s Gmss 

(a) Norma.l-force characteristics. 

Figure 6. - Section aerodynamic characteristics for NACA 641 -012 
and NACA 641A012 airfoils. 

. 
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(b) Drag characteristics. 

Figure 6. - Concluded. 


